Aim: Bauhinia forficata (BF) is used in folk medicine to reduce glycemia in diabetes. We evaluated the glucose hepatic metabolism (ex vivo) and the hypoglycemic effects (in vivo) of an ethanolic extract of BF leaves (BFEE) in normoglycemic and streptozotocin (STZ)-induced diabetic rats.
Introduction
Diabetes is a group of metabolic diseases characterized by hyperglycemia and associated complications, such as dysfunction and failure of the eyes, kidneys, nerves, brain, heart, and blood vessels. Diabetes may result from defects in secretion and/or insulin action involving specific pathogenic processes, including destruction of pancreatic beta cells, insulin resistance, and insulin secretion disorders [1] . The estimated prevalence of diabetes nowadays is about 150 million people worldwide [2] , and this is expected to rise to 552 million by 2030 [3] , increasing in numbers as much the adult population grows [4] .
The most common form of diabetes is type 2 (T2DM), known as adult-onset diabetes and related with metabolic syndrome, followed by type 1 (T1DM), formerly known as juvenile diabetes and characterized by β-cell destruction which leads to absolute insulin deficiency [5] . T1DM is treated with insulin, while T2DM is treated with oral hypoglycemic agents, and exercise and diet as ancillary measures to control the disease. More than 400 plant species have been reported to possess hypoglycemic activity, but only a few have been investigated [2, 5] . Among the plants commonly used to treat diabetes is the genus Bauhinia, particularly B. forficata (BF), known as "cow's foot", which is used as a tea in folk medicine. Phytochemical analysis confirmed the presence of flavonoids in the leaves of BF, highlighting kaempferitrin as the most active hypoglycemic compound [6] [7] [8] .
Although studies have shown that 30-day administration of a decoction of BF leaves reduces plasma glucose in diabetic animals [9] , some researchers performed studies with extracts obtained from the leaves of BF, to concentrate active compounds such as kaempferitrin [10] [11] [12] . Silva et al. [11] showed that the n-butanolic extract of BF reduces acute blood glucose in alloxan-induced diabetic rats, while Jorge et al. [13] suggest kaempferitrin functions as an insulin-mimic in diabetic rats. Tzeng et al. [14] . demonstrated that kaempferitrin promotes activation of the classical insulin pathway to activate GLUT4 translocation and stimulate continuous adiponectin secretion, promoting peripheral sensitivity to insulin. However, other authors have not observed hypoglycemic activity in BF preparations [15, 16] . Higher doses of BF aqueous extract (500-1000 mg kg -1 ) in female rats had no hypoglycemic effect and did not improve maternal outcomes in diabetic animals [16] .
Diabetes is associated with changes of the glucose metabolism also in the liver, such as increases in the hepatic glucose release and stimulus in the liver gluconeogenesis [17] . However, none studies have evaluated the effects of BF on hepatic metabolism of glucose in diabetic condition. In this context, there are many aspects of BF that need to be clarified. In the absence of consensus regarding BF bioactivities, we aimed to study the metabolic and hypoglycemic effects of ethanolic extract of BF leaves in streptozotocin-induced diabetic rats. To our knowledge, this is the first report to investigate the influence of BF in the metabolism of glucose into the liver.
Material and Methods

Plant material, extraction and chemical analyses
Leaves of Bauhinia forficata Link was collected in the Curitiba City, Parana State, Brazil (25°26'34.85''S, 49°14'22.58'' W) in May/2012. A voucher specimen was deposited at the Herbarium of Museu Botânico Municipal de Curitiba (# MBM 384637). The leaves were dried under controlled temperature (40°C), powdered, and extracted with hexane, dichloromethane, ethyl acetate, and ethanol, successively. The solvents were removed under reduce pressure to give the respective extracts. Only Bauhinia forficata ethanolic extract (BFEE, yielding 2.5%) was used in the experiments. HPLC fingerprints of BFEE were recorded on a Waters HPLC equipped with a 2998 photodiode array detector, and a Nucleosil 100-5 C18 column (250 x 4.6 mm, 5 µm particle size). It was used the method proposed by Ferreres et al. [7] with modifications. The mobile phase consisted of H 2 O with 1% of acetic acid (A) and methanol (B) applied in a linear gradient from 80:20 (A:B) to 50% over 30 min, followed by 90% (B) at 35 min. After was kept isocratic for 5 min, and was applied a new gradient reaching 100% (B) at 50 min. The flow rate was 1 mL min -1 , and the effluent was monitored at 340 nm.
Induction of experimental diabetes
Adult male Wistar rats, weighing between 180 and 200 g, were kept in a temperature-controlled room (20-23°C) and fed ad libitum with a balanced commercial chow and water. Diabetes was induced by intraperitoneal administration of 50 mg kg -1 of streptozotocin (STZ; Santa Cruz Biotechnology, K2911) diluted in citrate buffer 10 mM (pH 4.5) after fasting for 12 h [18] . Administration of this toxin produces a diabetic status compatible with type I diabetes; disease status was confirmed by measuring glycemia (via tail puncture) with reactive strips in a glucometer (Accu-Chek ® , A F Hoffmann-La Roche AG, Basel, CH). The animals were considered diabetic when the glycemia was > 250 mg dL -1 . Experiments or treatments were initiated 7 days after STZ administration, a period necessary for disease stabilization.
Ex vivo study: Liver perfusion
The effects of BFEE in hepatic glucose metabolism were evaluated in isolated perfused livers in an ex vivo method. For the surgical procedure, rats were anesthetized by intra peritoneal injection of ketamine (100 mg kg -1 ) and xylazine (10 mg kg -1 ). Hemoglobinfree and non-recirculating perfusion was performed as described by Bracht et al. [19] . After cannulation of the portal and cava veins, the liver was positioned in a plexiglass chamber. Flow was maintained by a peristaltic pump (Minipuls 3, Gilson, France) between 28 and 35 mL min -1 , depending on liver weight. The perfusion fluid was Krebs/Henseleit-bicarbonate (KH) buffer (pH 7.4) containing 0.025% bovine serum albumin, saturated with a mixture of oxygen and carbon dioxide (95:5) by means of a membrane oxygenator with simultaneous temperature adjustment (37°C). Substrates and BFEE were added to the perfusion fluid according to the following protocols applied to diabetic and normoglycemic animals:
Effects of BFEE on liver glycogen catabolism and glycolysis: Evaluated in fed rats (n = 3), whose livers were perfused with KH for 50 min, with BFEE infusion (40 mg L Effects of BFEE on liver gluconeogenesis: Evaluated in 16-h fasted rats (n = 3-4), whose livers were perfused with substrates l-glutamine (2.5 mM) and ammonium chloride (0.6 mM) from the 10 th to the 82 nd minute of perfusion, and BFEE (40 mg L -1
) concurrently from the 50 th minute.
Samples of the effluent perfusion fluid were collected every 2 or 4 min and analyzed by standard enzymatic procedures for glucose, lactate, and pyruvate [20] . The oxygen concentration in the outflowing perfusate was monitored continuously with a Teflonshielded platinum electrode positioned in the plexiglass chamber at the exit of the perfusate [19] . Metabolic rates were calculated from input-output differences in total flow rate and were referred to the wet weight of the liver.
In vivo study: Rat groups, treatment schedule, and sample collection
To check the in vivo hypoglycemic effects of BFEE, an experiment was performed in normoglycemic (control) and diabetic rats. The treatment started 7 days after STZ administration and was conducted for the next 7 days, with 4 groups of animals (n = 6): [1] diabetic rats treated with extract, [2] diabetic rats treated with vehicle (tween 80 plus water), [3] normoglycemic rats treated with extract, and [4] normoglycemic rats treated with vehicle. Preliminary experiments with a dose of 150 mg kg -1 BFEE in diabetic rats for 7 days produced no hypoglycemic effect (data not shown); thus, we chose an orally administered dose of 300 mg kg -1 BFEE. For some experiments a positive control group [5] was used, composed by diabetic rats treated subcutaneously with 6.0 IU NPH insulin, once a day. The variation in the rats' body weight was also measured during the treatment.
At the end of the treatment period, animals were anesthetized with intraperitoneal ketamine (100 mg kg -1 ) and xylazine (10 mg kg -1 ) and sample materials were collected (blood, liver, and pancreas). Blood was collected by cava vein puncture; the plasma was separated by centrifugation and kept at -20°C. After harvest, fragments of the liver and pancreas were immediately placed in 4% buffered formalin for histological studies, and part of the liver was stored at -80°C. The animals were euthanized by diaphragmatic puncture.
Evaluation of the hypoglycemic potential of the BFEE:
Two experiments were performed in each animal subsequently to evaluate the effects of BFEE on blood glucose: [a] Acute, in which blood glucose levels were measured before and 1 and 3h after administration of the extract or vehicle; and [b] Subacute, after 7 days of treatment with extract or vehicle. In both experiments, glycemia was measured in tail vein blood with reactive strips in a glucometer.
Plasma biochemistry: Hepatocyte integrity and blood protein glycosylation were assessed through plasmatic parameters. Measurements of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and fructosamine were performed using commercial kits (Kovalente, São Gonçalo -RJ -Brazil) in an automated system (Mindray BS-200, Shenzhen -China).
Determination of hepatic glycogen content:
The determination of liver glycogen was performed as described by Kepler & Decker [21] , starting from 2.0 g of frozen tissue. The liver was minced with liquid nitrogen in a pestle and a 5× volume of 0.6 N perchloric acid was added to macerate the sample. The contents were transferred to a tube and homogenized in a Potter-elvehjem homogenizer. The glucose content of the homogenate was measured and named "basal glucose".
(α)-dirhamnoside (kaempferitrin) by comparison with literature [7] .
Effects of BFEE on liver glycogen catabolism and glycolysis -Fed rats
The first ex vivo experiments tested the effects of BFEE on liver glycogen catabolism and glycolysis. Liver from fed rats perfused with substrate-free medium survived at the expense of glycogen degradation via glycogenolysis and oxidation of endogenous fatty acids [23] . Under these conditions, the livers release glucose, lactate, and pyruvate because of glycogen catabolism. Figure 2 illustrates the responses of perfused livers to BFEE infusion and the experimental protocol: after a pre-perfusion period of 10 min, BFEE (40 mg L -1 ) was infused for 30 min, followed by an additional 10 min of extract-free medium perfusion. Four parameters were measured: glucose release, lactate and pyruvate production, and oxygen consumption. The livers of diabetic rats exhibited lower pyruvate (figure 2A) and lactate (figure 2B) production and increased oxygen consumption (figure 2D) in comparison to normoglycemic rat livers. Pyruvate production was not changed by BFEE, but increased in controls when the extract infusion was ceased. Lactate production was only minimally reduced by BFEE infusion in control animals, but it was enough to cause a reduction in the lactate/pyruvate ratio (Table 1) , a parameter that indicates the cytosolic NADH/NAD + ratio. Glucose release ( Figure 2C ) was slightly reduced by BFEE in normoglycemic rats but exhibited a greater reduction in the diabetic rats in the presence of extract. As noted in table 1, BFEE significantly reduced glucose release by about 164% in diabetic rats and the lactate/pyruvate ratio by about 60% in diabetic rats.
The hydrolysis of glycogen in this homogenate was achieved with the addition of 1.0 M potassium bicarbonate, 0.2 M amyloglucosidase, and acetate buffer, pH 4.8. The pH of the mixture was adjusted to 6.0. The tube was covered and placed in a 40°C water bath and stirred for 2 h. The reaction was stopped by addition of 0.6 N perchloric acid and the samples were centrifuged at 6000 rpm for 5 min at 4°C. Total glucose in the supernatant ("final glucose") was determined with a commercial kit and a spectrophotometer at 505 nm. The difference between basal and final glucose was considered the glycogen content and expressed as glycosyl units.
Histology of the pancreas and liver:
To complement the previous experiments and to observe any changes induced by diabetes or treatment with BFEE, samples of the pancreas and liver were collected for histology. After fixation, samples were dehydrated in a graded series of ethanol and xylene before paraffin embedding. Thin sections (4 μm) were processed for histology and stained with hematoxylin and eosin (HE) [22] . Groups were compared and lesions were scored (0-3) as follows: 0, no change; 1, mild changes; 2, moderate changes; and 3, pronounced changes. A blind histological evaluation was performed by a pathologist in all rats belonged to the groups 1, 2, 3 and 4 described above (In vivo study).
Statistical analysis
Data are presented as mean ± standard error of the mean (SEM). The comparison between experimental groups was made by analysis of variance (ANOVA) with Bonferroni correction. Metabolites obtained in liver perfusion were assessed by nonparametric Student's t test. Glycemia was analyzed by two-way ANOVA, with time and treatment been the parameters. Differences were considered significant when p < 0.05. The analyses were performed using the statistical program GraphPad Prism version 5.0.
Results
Chemical analyses of the ethanolic extract of B. forficata (BFEE)
The HPLC profile of BFEE is showed in the ( Figure 1 BFEE infusion are shown in Table 2 . BFEE significantly reduced lactate production by about 60% in diabetic animals while the lactate/ pyruvate ratio was reduced by 76% and 131%, respectively, for normoglycemic and diabetic animals. However, the infusion of BFEE did not significantly change glucose production.
Evaluation of the hypoglycemic potential of the BFEE
Considering the ex vivo changes observed in the hepatic metabolic pathways of glucose, we also determined the glycemia in vivo after the BFEE administration (oral) in normoglycemic and diabetic rats. The mean blood glucose of diabetic animals three days after STZ injection was 496 ± 30.3 mg dL -1 . The assessment of BFEE hypoglycemic potential was conducted acutely and sub acutely in the same animals. There was no significant reduction in the blood glucose of diabetic animals after 1 and 3 h, or after 7 days of administration of 300 mg kg -1 BFEE, when compared with normoglycemic rats. However, as expected, a significant reduction in the glycemia was observed in insulin-treated rats (positive control) by ~25%, ~90%, and ~55% at 1 h, 3 h, and 7 days after treatment, respectively (Figure 4 ).
Biochemical parameters
Both plasmatic transaminases showed abnormalities in BFEE-treated diabetic animals; alanine-(ALT) and aspartate aminotransferase (AST) levels increased 76% and 95%, respectively, in comparison to vehicle-treated normoglycemic animals. Interestingly,
Effects of BFEE on liver gluconeogenesis -Fasted rats
The experiments shown in figure 3 tested the ex vivo effect of BFEE on liver gluconeogenesis from l-glutamine. In order to minimize interference by glycogen catabolism, livers from 16-h fasted rats were used. After a pre-perfusion period of 10 min in the absence of substrate, 2.5 mM l-glutamine plus 0.6 mM ammonium chloride were infused for 82 min, and BFEE was added to the infusion with substrates from the 50 th min. Ammonium chloride was added to accelerate l-glutamine catabolism because it stimulates glutaminase activity [24] . Diabetic animals, even in the fasted state, showed a higher basal production of glucose ( figure 3C ) and lactate ( figure  3B ) when compared to the normoglycemic animals. l-glutamine infusion caused an increase in glucose and lactate production in both normoglycemic and diabetic animals, but did not change pyruvate (figure 3A) production. With l-glutamine as substrate the glucose production was only minimally increased in diabetic animals in comparison to the basal values. In contrast, the increase in lactate production was more substantial in the diabetic animals. These scenarios changed after BFEE infusion (50 th min). Pyruvate production experienced a higher and transitory increment at the start of BFEE infusion in normoglycemic and diabetic animals, but rapidly returned to basal values for both conditions. Lactate production was not changed by BFEE in the controls, but the extract reduced the increment of lactate production induced by l-glutamine in diabetic animals. Both the increment and reduction in metabolites due to µmol.min the vehicle-treated diabetic rats exhibited no alteration in these enzymes. Plasma fructosamine did not differ between all groups ( Table 3) .
As glucose release was reduced in the perfused liver of fed diabetic rats, an in vivo experiment was performed to assess liver glycogen in these and normoglycemic animals. The results are shown in the Table  3 . The liver of diabetic rats presented very low glycogen content: less than 20% of the content in the normoglycemic rats. The treatment of animals with BFEE increased liver glycogen content by about 100% in the diabetic condition, but was still less than the controls.
Histology of the pancreas and liver
Histology of the pancreas was performed to evaluate changes induced by experimental diabetes. This analysis revealed that the STZ model reduced by nearly half the number of Langerhans' islets in comparison to non-diabetic animals ( Figure 5 ). Counting of pancreatic islets was carried out in 4 fields at 100× magnification under a light microscope. The parameters evaluated and the scores assigned to each group are described in Table 4 . There was no pancreatic difference between diabetic animals treated with extract and diabetic animals treated with vehicle.
Liver histology revealed no significant changes between experimental groups, indicating that neither diabetes nor the BFEE were able to produce alterations in the microscopic features of this organ (data not shown).
Changes in body weight
To assess whether BFEE influences body weight, animals were weighted at the beginning and after 7 days of treatment. The body weight gain of the normoglycemic group (17.3 ± 2.1 g) was higher than in diabetic rats (12.9 ± 2.4 g), and the administration of BF extract did not improve this parameter in diabetic animals (8.2 ± 1.1 g).
Discussion
The plants of the genus Bauhinia sp., especially B. forficata, are popularly identified as natural hypoglycemic agents, indicated for the treatment of diabetes; however, scientific data regarding this and other activities are scarce in the literature. Some authors have investigated the hypoglycemic effect of B. forficata [8, 9, 12, 25] , but the glucose pathways into the liver were not studied. This is the first report of the effects of B. forficata extract in the hepatic metabolism of glucose. We evaluated the effects of B. forficata ethanolic extract (BFEE) on glycogenolysis and glycolysis in perfused liver of fed rats; while perfused liver of fasted rats were stimulated with l-glutamine to investigate the effects of BFEE on gluconeogenesis.
Significant metabolic differences were observed between diabetic and normoglycemic rats in fasted and fed states. The liver of perfused diabetic rats exhibited higher glucose production under fasting conditions ( Figure 3C ), but similar production of glucose under fed conditions ( Figure 2C ) when compared to normoglycemic rats in the beginning of liver perfusion. Glycolysis was also reduced in the diabetic condition, as evidenced by the decrease in lactate ( Figure 2B ) and pyruvate (Figure 2A ) release. Then increased oxygen consumption in diabetic rats could be the result of compensatory energy production from the aerobic consumption of fatty acids. Glucose levels in fed rats are compatible with the reduced glycogen level found in the liver of diabetic rats (Table 3 ). In the absence of insulin, glycogen synthesis ceases and glucogenolysis begins; thus, more glucose is exported from the liver to the blood, increasing hyperglycemia even more [26] . Low glycogen accumulation has also been described in STZ-induced diabetic rats [25, [27] [28] [29] . Liver perfusion reduced glucose production more quickly in diabetic rats than in normoglycemic rats, probably because the control livers released glucose from accumulated glycogen (glycogenolysis), while diabetic livers release glucose via gluconeogenesis through endogenous substrate.
The infusion of BFEE in the perfused liver of fed diabetic rats reduced glucose release by 63%, but it did not affect glycolysis, represented by lactate and pyruvate released (Table 1) . Thus, the reduction in the glucose release seems to be a consequence of the depletion of glycogen stores, which were very low in these animals. The lower production of hepatic pyruvate and lactate in diabetic animals was not modified by BFEE infusion.
The effects of BFEE infusion on glucose production in fasted rat livers were less extensive than in fed condition. Since the basal glucose release ( Figure 3C ) in fasted diabetic rats (0.71 ± 0.12 µmol min g -1 ) was significantly higher than in normoglycemic rats (0.027 ± 0.01 µmol min g -1 ) and the glycogen content was very low (Table 3) , the released glucose is probably the product of increased gluconeogenesis. Thus, the perfused liver releases a considerable concentration of amino acids from proteolysis, which is enough to sustain gluconeogenesis in the diabetic rat liver [30] . For this reason, the increment in glucose production triggered by l-glutamine in diabetic rats was significantly lower than in normoglycemic rats, since its basal level was already elevated. However, concomitant infusion of BFEE with l-glutamine did not change glucose production in normoglycemic and diabetic fasted rats. Thus, the suggestion of Pepato et al. [9] that B. forficata could act in gluconeogenesis as the biguanines do was not confirmed by our data, at least when l-glutamine was the gluconeogenic source.
The livers of rats with type 1 diabetes respond differently to glutamine, and the differences are characterized mainly by an acceleration of metabolic flux during the initial stages of the amino acid infusion [31] . Accordingly, the increment in lactate production triggered by l-glutamine was higher in diabetic rats ( Figure 3B ). BFEE infusion inhibited lactate production and stimulated pyruvate production; thus, the extract altered the cytosolic redox state since this indicated an accentuated reduction in the NADH/NAD + ratio. Our data could suggest that the higher lactatemia in diabetes is, at least in part, originating from the hepatic metabolism of amino acids such as l-glutamine.
In despite of the reduction in glucose production induced by BFEE infusion in the livers of fed diabetic rats (Table 1) , glycemia did not change, either acutely or subacutely (Figure 4) . The scientific evidence for the B. forficata effects on glycemia is controversial. Our results corroborate those of Coimbra-Teixeira et al. [15] who used B. forficata alcoholic extract and those of Volpato et al. [16] who used an aqueous extract; however, our results differ from those reported by Menezes et al. [32] , Silva et al. [11] and Curcio et al. [12] . The last authors observed hypoglycemia after treatment with 500 and 600 mg kg -1 of B. forficata n-butanol fraction, and 800 mg kg -1 of BF leaf extract, respectively. These doses, however, are higher than that used in our work (300 mg kg -1 ). Reinforcing our results, the dose of 400 mg kg -1 also failed to reduce the glycemia in diabetic rats [11] .
The anti-diabetic activity of B. forficata has been associated with the content of flavonoids glycosides, mainly kaempferitrin [8, 33] . In order to get an extract rich in glycosyl flavonoids, the leaves of B. forficata were extracted with hexane, dichloromethane and ethyl acetate before extraction with ethanol. Therefore, ethanol extract (BFEE) was obtained free of less polar constituents. In agreement, the analyses by HPLC-DAD showed the presence mainly of kaempferol glycosides, including kaempferitrin ( Figure 1, peak 2) , considered the chemical marker of the species. However, this active compound is not a major flavonoid in the studied sample, as can be seen in the figure 1. Considering the high glycemia observed in the diabetic rats (496 ± 30.3 mg dL -1 ), it is probable that the content of kaempferitrin in the BFEE was insufficient to reduce such high glycemic levels. This hypothesis is corroborated by observation that kaempferitrin is 106-fold less potent than insulin [13] . Furthermore, evaluation of α-glucosidase inhibitory activity of B. forficata extracts led to conclusion that kaempferol derivatives are less active than quercetin derivatives [7] . As showed above, BFEE is richer in kaempferol derivatives, what can explain our results.
Seven days BFEE treatment of diabetic rats was not able to assist these animals to gain weight as the control group. Body weight must be evaluated in patients with uncontrolled diabetes, as well as the plasmatic transaminases; these parameters are markers of the progression of uncontrolled diabetes to metabolic syndrome [34, 35] . Our data showed that the BFEE and STZ-induced diabetes in isolation did not alter transaminase activity, while the combination of these factors significantly increased ALT and AST. In contrast, plasmatic fructosamine did not change with BFEE treatment. This result was expected since fructosamine forms glycated serum proteins [36] , thus inferring changes in glycemia over a period of two to three weeks, a longer time than our experiment (one week).
Conclusions
Considering the whole data we conclude that BFEE interferes with hepatic glycolysis, glucogenesis, and lactate production from l-glutamine. Thus the BFEE effects depend of the alimentary state. BFEE treatment caused a minimal increase in the liver glycogen content of diabetic rats, not enough to restore the animals to control levels, and with no change in glycemia. Since this is the first study to demonstrate the effects of Bauhinia forficata on hepatic metabolism, additional, longer-term studies are necessary to better assess its metabolic effects, including analysis of sources of gluconeogenesis other than l-glutamine. Also is necessary more chemical investigations of B. forficata concerning factors that affect the secondary metabolite production as season, environmental conditions, and genetic.
